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Abstract 
A major prerequisite for the full scale deployment of a journey planning system is the assessment of its technical 
capabilities, user acceptance, and willingness to pay. This paper presents a methodological framework for assessing 
the performance of multimodal journey planning systems. The proposed framework was applied to evaluate the 
performance of an international multimodal journey planner developed within the framework of the WISETRIP 
project. The assessment results confirm that the system is robust and user friendly, while it reduces the uncertainty of 
the travellers, and the cognitive effort and time required for journey planning. The willingness to pay results suggest 
that the users are willing to pay more for obtaining dynamic information.  
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of TRA 2012 
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1. Introduction 
International travelers are frequently facing decisions related to the selection of the most suitable 
itinerary for a given trip. Planning a journey involves the determination and assessment of alternative 
feasible itineraries available to connect a journey’s origin and destination. An itinerary consists of a     
sequence of journey segments realized through the use of multiple transport modes within predefined 
departure and/or arrival time windows. Various complexities arise in planning and executing an itinerary. 
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It is evident that itinerary planning requires the acquisition of information from various transport operators 
involved in the provision of transport services at each segment of the journey. Depending on the 
geographical scope of the journey (i.e., urban, interurban, international), the purpose of the journey (e.g., 
business, tourism), the traveler characteristics and preferences, additional criteria and constraints can be 
introduced in the itinerary planning problem. The execution of any travel plan is associated with 
substantial uncertainty due to unexpected transport disruptions at any part of the journey and the inherent 
difficulties encountered at various phases of the journey by a traveler unfamiliar with the peculiarities of 
the local transport system. Delays in any transport service employed in a travel plan may lead to extensive 
waiting times or  to cancellation of the travel plan. The impact of these types of transport uncertainties 
could be mitigated through the provision of personalized information that can be delivered to the traveller 
via various means of communications enabled in both fixed and mobile environments (smart phones, 
PDAs, and desktop). 
 To alleviate the above complexities, journey planning decisions can be facilitated by the use of 
journey planning system(s). A wide variety of journey panning systems exist which provide a wide variety 
of services in terms of : i) geographical coverage, e.g., local, regional, national, international, ii) modes 
used, i.e. uni-modal, multimodal, integrated multimodal (Kenyon, 2003),  iii) itinerary planning 
capabilities, e.g. descriptive vs. prescriptive, iv) type of information used, e.g. stochastic vs. dynamic, v) 
trip phase supported, e.g. pre-trip, on-trip, and  vi) media used to deliver journey planning information, 
e.g. fixed vs. mobile. At the research level, substantial effort has been placed on the development of 
advanced transport information systems for providing users (travellers mainly focused on accessing 
transport services and/or tourists with an interest in multi-service / activity information) with dynamic 
travel information and multimodal trip planning services. Some of these systems which have been 
developed and evaluated by European Commission funded projects are: IMAGE (IMAGE- Intelligent 
Mobility Agent for Complex Geographic Environments (2001-2003), IST-2000-30047), CRUMPET 
(CRUMPET Consortium, 2000), Wh@M (Zografos & Madas, 2003), eMOTION [eMOTION consortium, 
2008], IM@GINE-IT [IM@GINE-IT consortium, 2004], ITISS (http://www.itiss-eu.com/, accessed on 
20/10/2010), EU Spirit (http://www.eu-spirit.com/, accessed on 20/10/2010), Start (http://www.start-
project.eu/, accessed on 20/10/2010). An overview of journey planners providing multimodal trip 
planning services and/or dynamic travel information can be found in Zografos et al. (2010).  
Currently there is lack of integrated journey planning systems covering all phases of an international 
journey through a single source. In response to this need an international door-to-door Multimodal  
Journey Planner (WISETRIP) was recently developed providing trip planning and personalized 
information services throughout the entire lifecycle of the journey (Zografos et.al., 2010). From a 
technical point of view the WISETRIP system constitutes a platform of various interconnected Internet-
based Journey Planners. For any trip request, WISETRIP communicates with the relevant journey 
planners getting itineraries for specific segments of the trip which at a subsequent stage are combined to 
produce alternative feasible solutions ranked according to the preferences of the traveler in terms of a 
variety of criteria (e.g., travel time, number of transfers, preference of mode etc.). WISETRIP is designed 
to receive real time information from external sources and provide its registered users with updated 
personalized information regarding potential delays and trip disruptions. For a complete description of the 
functionalities and services offered by WISETRIP the reader is referred to (WISETRIP, 2008).  
A major prerequisite for the full scale deployment of a journey planning system is the assessment of its 
technical capabilities, user acceptance, and willingness to pay. This paper presents a methodological 
framework used for assessing the performance of the proposed integrated door-to-door multimodal 
journey planner and reports results from the assessment of the WISETRIP demonstrator in Greece, U.K. 
and China. The remainder of this paper is organized into three sections. Section two provides an overview 
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of the methodology used to assess the performance of the WISETRIP system, section three presents an 
overview of the WISETRIP assessment results, while section four summarizes the conclusions.  
2. Methodological Approach 
The evaluation of the proposed system aims to verify the quality of the services offered and investigate 
potential users’ attitudes towards various levels of charges per use. In general, the quality of a service is 
defined as its conformance with the user requirements (Crosby, 1979). In the context of multimodal 
traveler information systems the user requirements may reflect the expectations of the potential users in 
terms of the technical performance and user acceptance characteristics of the system. Thus, the evaluation 
of  a multimodal journey planning system should consider two broad categories of assessment: i) technical 
performance, and ii) user acceptance (see figure 1).   
 The objective of the technical assessment is to test if the system was “built right”. The technical 
assessment of the WISETRIP system was performed under laboratory conditions in two stages. During 
the first stage all system functions were tested independently to verify that they perform according to the 
established technical specifications. At the second stage the technical performance of the services, i.e. 
integrated functions, was tested. Three broad categories of indicators were used to test the technical 
performance of the system functions and services: i) technical reliability indicators, ii) information 
consistency indicators, and iii) response time indicators. Any malfunctioning of the system identified 
during laboratory testing, was rectified before the release of the system for its  subsequent user acceptance 
testing. Table 1, presents a subset of the technical performance indicators used for the assessment of the 
WISETRIP system functions and services. 
 User acceptance reflects the behavioral reactions of the users of a system after its introduction 
(Vlassenroot et al., 2010). The following categories of indicators influencing user acceptance were used 
for the assessment of the WISETRIP system: i) quality of trip planning information, ii)  user friendliness, 
iii) reduction in cognitive effort and time required for planning a trip (Grotenhuis, 2007) , and  iv) 
reduction of  traveler’s uncertainty during the execution of the trip. Table 2, presents a subset of the 
indicators used in the WISETRIP  user acceptance analysis. 
Table 1. Indicative indicators used for the technical assessment of the WISETRIP system 
Indicator Category Indicator Description 
Reliability * Reliability of urban, interurban, international trip planning 
Reliability of alerts for any trip segment disruption 
Reliability of travel reminders (e.g., platform, gate to use for the 
next mode interchange) 
Response Time * Response time for intermodal trip planning 
Response time for alerts of the traveler 
Information Consistency ** Getting consistent intermodal trip segments 
Identification of  journey planners relevant to the trip request 
Combination of segments into a consistent itinerary 
(*) tested at system functions and services level, (**) tested at system functions level only 
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Table 2. Indicative indicators used for the user acceptance assessment of the WISETRIP system. 
Indicator Category Indicator Description 
Cognitive Effort Cognitive Effort Compared To Travel Agency 
Cognitive Effort Using Various Journey Planners 
Travel Time Planning Travel Time Planning Compared To A Travel Agency 
Travel Time Compared To Using Various Journey Planners 
Clarity Of Information Clarity Of Alerts 
Clarity Of Itinerary Description 
Sufficiency Of Information Sufficiency Of Alerts 
Sufficiency Of Itinerary Description 
User Friendliness Friendliness Of The User Interface For Making An Intermodal 
Trip Planning Request 
Friendliness Of The User Interface For Creating A Profile 
Uncertainty Reduction Uncertainty Reduction For Executing An International Trip 
Fig. 1.  Methodological Framework for assessing the proposed international door-to-door multimodal journey planning system.  
The user acceptance assessment was performed during the pre-demonstration and the demonstration 
phase. The user acceptance assessment within the pre-demonstration phase was based on the analysis 
(mostly qualitative) of questionnaires completed by a small group of users-experts. Problems identified 
during the pre-demo phase provided useful feedback for refining the system. The alleviation of the 
identified technical problems led to the development of the system prototype. The user acceptance 
analysis of the system during its demonstration aimed to assess the final prototype and  it was based on 
the statistical analysis of data collected through the use of a user acceptance questionnaire completed 
through in-person interviews from randomly selected potential users of the system in UK (139 users), 
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China (150 users), and Greece (136 users). The ratings collected under each user acceptance indicator 
were analyzed by considering the entire sample (N=425), and by further examining the acceptance of the 
following categories of users: i) frequent vs. non-frequent travelers, ii) users familiar with journey 
planners vs., those who are not familiar, and iii) belonging to the following three age groups (below 34, 
35-54, and 55 and above). The objective of this type of analysis was to assess how specific user groups 
perceive the utility of the proposed system. 
The objective of the Willingness to Pay (WTP) assessment was to explore the willingness to pay for 
different types of system services under alternative levels of charges.  
3. Evaluation Results 
3.1. Technical Assessment  
The assessment of the technical indicators was performed through the analysis of the data collected 
from a series of trials of functions and services under laboratory conditions. Hypothesis testing (Binomial 
Tests & t tests) were performed in order to validate the technical reliability and response time efficiency 
of the functions and services implemented. The data analysis for the technical reliability indicators 
(Binomial tests on the mean success rate) proved that the system functions and services respond to 
requests providing consistent information, with a minimum success rate of 98%. It should be noted here 
that in the cases where the system did not function properly this was due to failures caused by functions 
outside the WISETRIP control (e.g., unavailability of journey planners participating in the WISETRIP 
system, communication network problems, etc.). The analysis of the data collected for the response time 
related indicators (t tests on the mean computational time) proved that the maximum response time to any 
trip request does not exceed 45 sec, 57 sec, and 139 sec for low, medium and high system workload 
respectively. It should be clarified here that response time components outside the control of the 
WISETRIP system  (i.e., computational time of the participating journey planning, and workload of the 
communication network) were not considered in testing the system’s response time performance. 
3.2. User Acceptance Assessment  
The user acceptance assessment was based on data collected during the demonstration phase through a 
survey of potential users of the system in UK, Greece, and China. The median values of the ratings of the 
various indicators used to measure user acceptance are shown in the radar graph depicted in figure 2. For 
all user acceptance indicators it was found that the corresponding median values were statistically 
significant higher than the minimum acceptable performance threshold value, indicated in Figure 2 as 
“Base” value. Based on the above results user acceptance assessment confirmed that the information 
provided by the WISETRIP services (trip itineraries, notifications, and alerts) is clear and sufficient, 
while the system was found to be user friendly. In addition it was found that the system is expected to 
reduce the time and cognitive effort required for journey planning, and the travellers’ uncertainty during 
the execution of their journey. 
The user acceptance results were further analyzed in order to see if the perception of the potential 
WISETRIP users is affected by the user characteristics. Three major users’ characteristics were analysed: 
frequency of travel, familiarity with internet based journey planners, and age. The following effects of the 
WISETRIP were examined for the three alternative segmentations of users identified above:  
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x Effect of WISETRIP on cognitive effort for journey planning when compared with planning the trip 
through a travel agency and receiving additional information through internet based journey planners. 
x Effect of WISETRIP on time requirements for journey planning when compared with planning the  
trip through a travel agency and receiving additional information through internet based journey 
planners 
x Effect of WISETRIP on travel uncertainty 
Figure 3(a) presents the frequency diagram of the ratings of the users regarding the potential effect of 
WISETRIP on the cognitive effort required for planning an international journey. The results presented in 
figure 3a suggest that the percentage of frequent travelers who stated that they perceive minor and 
substantial reduction of cognitive effort from the use of WISETRIP is higher than the corresponding 
percentage of the non-frequent travelers (85.5% vs. 75.9%). Moreover, the percentage of frequent 
travelers who stated that they expect substantial reduction of cognitive effort due to the use of WISETRIP 
clearly dominates the corresponding percentage of non-frequent travelers (57.3% vs.33.9%). Thus, one 
can claim that frequent travelers perceive  greater reduction of cognitive effort, in journey planning 
through the use of WISETRIP, than the non-frequent travelers.  
Fig. 2. System performance under basic user acceptance metrics. 
Figure 3(b) illustrates the frequency diagrams of the perceived reduction of cognitive effort for  three 
age groups (34 and below, 35-55, and 55 and above). Comparing the percentages of users who stated that 
they perceive substantial reduction of their cognitive effort due to the use of WISETRIP, one can claim 
that the perceived reduction of the cognitive effort (31% vs. 45.8% vs. 71.1% respectively for the age 
groups identified above)   increases as the age increases.   
0
1
2
3
4
5
Sufficiencyof
Itinerary(1Ͳ5)
Sufficiencyof
MildDisruption
(1Ͳ3)
UserͲ
friendlinessin
creating
personalprofile
(1Ͳ5)
UserͲ
friendlinessfor
aninternational
triprequest(1Ͳ
5)
CognitiveEffort
(1Ͳ5)
TimeSavings(1Ͳ
5)
Travel
Uncertainty(1Ͳ
5)
GR
UK
CH
Base
2411 Konstantinos G. Zografos et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2405 – 2414 
Fig. 3. (a) Frequency diagram of the WISETRIP effect on cognitive effort for frequent vs. non frequent travelers; (b) 
similar frequency diagram for alternative age groups 
Fig. 4. (a) Frequency diagram of the WISETRIP effect on journey planning time for frequent vs. non frequent travelers; (b) similar 
frequency diagram for alternative age groups  
Figure 4(a) presents the corresponding frequency diagram for the perceived journey planning time 
savings for frequent and non-frequent travellers. The comparison of the percentage of travellers that 
perceive minor and substantial reduction due to the use of WISETRIP between frequent and non-frequent 
travellers (88.4% vs. 70.4%) suggests that frequent travellers perceive higher journey planning time 
savings  as compared to non-frequent travellers. This difference becomes more pronounced when 
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comparing the percentage of travellers that perceive substantial reduction due to the use of WISETRIP, 
62.5 % vs. 31.3% for frequent and non-frequent travellers respectively.  
Comparing the frequency diagrams illustrating the perceived journey planning services for the three 
age groups, see figure 4b, one can infer that the perceived  journey planning time savings are increasing 
as age increases. This is manifested by the fact that the percentage of travellers that perceive substantial 
and minor travel time savings is 67.7%, 81.9%, and 92.1% respectively for the three age groups identified 
in the horizontal axis of the graph. Again, as in the case of the cognitive effort these differences are 
exacerbated when one considers the substantial decrease in journey planning ratings which are 27.4%, 
49%, and 73.7% respectively for the three age groups. 
Figure 5(a) presents the frequency diagram for the WISETRIP effect on travel uncertainty. The 
percentage of the frequent travelers who have stated that the use of WISETRIP will result to substantial 
and minor reduction of travel uncertainty (96.4%), is higher than the corresponding percentage (88.6%) of  
the non-frequent travelers. Moreover, the percentage of the frequent travelers who stated that WISETRIP 
will substantially reduce the travel uncertainty (i.e., 73%) is much higher than the corresponding 
percentage for the non-frequent travelers (i.e., 57.1%). Based on the above findings it can be concluded 
that frequent travelers tend to assess higher potential reduction of the trip uncertainty in comparison to the 
non-frequent travelers. This result may be due to the fact that frequent travelers are expected to be 
sufficiently aware of the potential disruption or delays that may arise during the execution of an 
international multimodal trip and therefore they are in a better position to assess the benefits provided by 
WISETRIP in terms of its uncertainty reduction potential. 
Fig. 5. (a) Frequency diagram of the WISETRIP effect on travel uncertainty for frequent vs. non 
frequent travelers; (b) similar frequency diagram for alternative age groups 
Figure 5(b) illustrates the frequency diagrams of the perceived effect of WISETRIP on uncertainty 
reduction for the three age groups considered in our analysis. Comparing the percentage of travelers that 
perceive substantial reduction of the uncertainty, due to the use of WISETRIP, 52.2%, 69.9%, and 81.1% 
respectively for the three groups, one can claim that the perceived reduction of uncertainty increases as 
the age increases. 
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3.3. Willingness to pay Assessment  
The analysis of the willingness to pay responses (see figure 6(a)) indicates that there is substantial 
difference in the percentage (43.3%) of the users who are willing to pay for using the basic WISETRIP  
system and the percentage (89.8%) of users who are willing to pay to use the enhanced with dynamic 
information WISETRIP system. This finding suggests that the provision of dynamic information by a 
journey planning system increases its perceived utility.  
       
Fig. 6. (a). Percentages of the survey respondents willing to pay for the basic and the enhanced WISETRIP. (b) Percentages of user
who are willing or not willing at all to pay the minimum charges (80 cents) for the WISETRIP services. 
Figure 6(b), shows the percentage of users that are willing to pay for using the two versions of the 
WISETRIP system (i.e. basic vs. enhanced system) under different levels of charges. The results indicate 
that for all levels of charges (i.e., 0.80 €, 1 €, and 1.20 €) the enhanced, with dynamic information, 
WISETRIP system is more attractive than the basic WISETRIP system as there is substantially higher 
percentage of users that are willing to use the enhanced WISETRIP system for the same level of charges. 
Furthermore, it can be observed that the enhanced WISETRIP system can achieve the same percentage of 
use with the basic system with substantially higher charges. For instance the 40% usage of the basic 
system corresponds to a charge of .80 €, while the enhanced system can achieve the same percentage of 
usage with a charge which is higher by 25%, i.e. 1 €. 
4. Concluding Remarks 
A methodological framework for evaluating the performance of multimodal trip planning systems was 
developed and applied for assessing the performance of the WISETRIP system. The proposed framework 
was used to assess the technical performance, and the user acceptance of the services offered. 
Furthermore, the willingness to pay for the provision of the system services was also assessed. The 
technical assessment results confirmed the robust functioning of the system in terms of its reliability and 
computational efficiency.  The user acceptance results suggest that the system has a satisfactory 
performance in terms of its user friendliness, sufficiency of information provided, time and cognitive 
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effort needed for trip planning, and reduction of traveler’s uncertainty. The survey results also suggest 
that frequent travelers tend to perceive higher benefits, in terms of time and cognitive effort needed for 
journey panning, and reduction of traveler’s uncertainty, as compared to non-frequent travelers. Age was 
also found to affect the perception of potential benefits resulting from the use of the WISETRIP system. 
More specifically, it was found that the perceived benefits of WISETRIP are increasing as age increases. 
Finally, the willingness to pay results indicate that the enhanced, with dynamic information, version of 
the WISETRIP system is more attractive and that the users are willing to pay almost 25% more in order to 
use the enhanced WISETRIP system.  
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